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Abstract
The velvetbean caterpillar (VBC), Anticarsia gemmatalis Hübner, 1818 (Insecta: Lepidoptera: Noctuidae), is one of
the most important New World soybean agro-ecosystems pests, occurring from 40° N in the USA to 39° S in
Argentina. Information on the migration patterns of the VBC moth may be important for managing the resistance of
VBC populations to insecticides or plants carrying the Bacillus thuringiensis insecticide genes, especially since
sedentary populations have a higher potential to became resistant than migratory populations. We studied
intraspecific variations of geographically distinct VBC populations in order to determine the genetic distance between
them and to assess the variability of VBC populations from near the city of Londrina (Paraná (PR) state, Brazil).
Samples of the VBC were obtained from sites near the following towns or cities: Marianna and Quincy (Florida, USA);
La Virginia (Tucumán province, Argentina); Londrina (PR), Passo Fundo (Rio Grande do Sul, Brazil) and Planaltina
(Goiás, Brazil). The VBC samples were used to construct a genetic similarity matrix based on random amplified
polymorphic DNA (RAPD) allele frequencies, the cotton leafworm, Alabama argillacea, Hübner 1823 (Insecta:
Lepidoptera: Noctuidae), being used as an outgroup. Interestingly, despite the great distance (about 6,500 km)
between Planaltina and Quincy some of the specimens from the Quincy population clustered in a group genetically
close to the Planaltina populations. Larvae collected on peanuts in Marianna and on soybean in Quincy, 70 km apart,
appeared genetically similar. The population from Planaltina was the most heterogeneous (polymorphism = 85.6%;
heterozygosity = 0.1505). The Argentinean VBC population was entirely different from the Brazilian populations. The
genetic similarities found between individuals from geographically distant populations and effective migration rate
values (2.0566 > Nm < 15.2618) indicate that migration occurs.
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Introduction
The velvetbean caterpillar (VBC), Anticarsia
gemmatalis Hübner, 1818 (Insecta: Lepidoptera:
Noctuidae), is one of the most important key pests in New
World soybean agro-ecosystems, being widely distributed
and causing losses in yield in all areas were soybean is cul-
tivated. Larvae of the A. gemmatalis moth occur from ap-
proximately 40° N in the USA (Puttler and Long, 1980) to
south of Buenos Aires (39° S) in Argentina (Sosa-Gómez,
D.R. personal observation). The moths can have a more
northerly distribution (Puttler and Long, 1980) than the lar-
vae but there is as yet no evidence that the adults have a
more southerly distribution than the larvae. The extent of
genetic variation of A. gemmatalis depends on various fac-
tors, including gene flow between geographical popula-
tions and on the elapsed time since the populations
separated if mechanisms of reproductive isolation are an
effective barrier.
In Brazil, little is known as to whether or not geo-
graphically separated A. gemmatalis populations are genet-
ically discrete or if their genotypes overlap. Since soybean
and alternative host plants can be found throughout the year
it is possible that local sedentary velvetbean caterpillar
populations occur, although it is also possible that this moth
could behave in an intermediate manner with part of the
population being resident and part migratory, i.e. it is a
non-calculated migrating species as suggested by Pashley
(1985). Although adult A. gemmatalis is thought to be a
strong flier (Johnson and Mason, 1985) it is not know to
what extent specific biotypes or related genotypes are dis-
tributed in a specific geographical region. This could be im-
portant in managing populations resistant to insecticides or
transgenic plants carrying insecticide genes because popu-
lations which are sedentary or have a reduced rate of sus-
ceptible immigrants have a higher potential to became
resistant (Georghiou and Taylor, 1986). Another important
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aspect of this insect biology is the differential response to
pheromones by different geographical populations. For ex-
ample synthetic pheromones developed for A. gemmatalis
populations from the USA did not elicit consistent re-
sponses in Brazilian A. gemmatalis populations (Mafra,
Leandro Isca Technologies personal communication). If
populations of A. gemmatalis with different genotypes be-
have in different ways an understanding of population
structure and gene flow along with recognition of the bio-
types present in the populations using diagnostic markers
may be useful in managing these populations.
Random amplified polymorphic DNA (RAPD) tech-
niques have been useful in tracking the origin of introduced
insect pests (Williams et al., 1994) and in differentiate
ecotypes (Pornkulwat et al., 1998). In the study described
in this paper the intraspecific variation of RAPD alleles was
used to determine the genetic distance between geographi-
cally distinct A. gemmatalis populations.
Material and Methods
Insect samples
Specimens of A. gemmatalis, commonly known as
the velvetbean caterpillar (VBC) , were obtained from sites
near the following towns or cities: Marianna and Quincy
(Florida, USA); La Virginia (Tucumán province, Argen-
tina); Londrina (PR), Passo Fundo (Rio Grande do Sul,
Brazil) and Planaltina (Goiás, Brazil). The samples of A.
gemmatalis larvae were collected in peanut fields in
Marianna and soybean fields for all the other sites. Cotton
leafworm, Alabama argillacea Hübner, 1823 (Insecta:
Lepidoptera: Noctuidae), specimens collected in cotton
fields near Londrina-PR were used as an outgroup
(Table 1).
All larvae were kept under laboratory conditions until
pupation in order to avoid contamination with parasitoids
and entomopathogens, the larvae being sexed by waiting
for them to pupate and examining the morphology of the
pupa. In most cases we used 26 pupae from each geograph-
ical population (13 males and 13 females from Londrina
and Planaltina; 15 males and 11 females from Florida and
Passo Fundo) except for the A. gemmatalis samples from
Argentina and the A. argillacea samples from Londrina,
where each sample consisted of 3 male and 3 female pupae.
When the larvae had pupated the pupa were stored at -15 ºC
until DNA extraction. Distances between sampling sites
were calculated with the software available in the world
wide web (http://www.wcrl.ars.usda.gov/cec/java/lat-long.
htm).
DNA extraction
The DNA was extracted from whole pupae according
to a modified Cheung et al., (1993) protocol. Each pupae
was homogenized in a microcentrifuge tube using a pestle
and 600 µL of extraction buffer, 150 µL of 5% sarcosyl was
added and the mixture incubated for 5 min at 65 °C before
adding 7.5 µL of a 10 mg/mL proteinase K solution and in-
cubating at 65 °C for 60 min. The mixture was then cooled
at room temperature for 5 min and centrifuged at
14,000 rpm for 15 min. The upper phase (400 µL) was
transferred to another microcentrifuge tube and an equal
volume of chloroform/isoamyl alcohol (24:1) added. After
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Table 1 - Collection data for the velvetbean caterpillar (Anticarsia gemmatalis) and the cotton leafworm (Alabama argillacea) samples.
Accession number Sex Collection site* Crop Sampling Date
Anticarsia gemmatalis
LDA1 to LDA13 Female Londrina, Paraná, Brazil Soybean February and March, 2002
LDA14 to LDA26 Male Londrina, Paraná, Brazil Soybean February and March, 2002
BRA1 to BRA13 Female Planaltina, Goiás, Brazil Soybean January 27, 2000
BRA14 to BRA26 Male Planaltina, Goiás, Brazil Soybean January 27, 2000
PF1 to PF11 Female Passo Fundo, Rio Grande do Sul, Brazil Soybean February 18, 2000
PF12 to PF26 Male Passo Fundo, Rio Grande do Sul, Brazil Soybean February 18, 2000
FL1 to FL9 Female Quincy, Florida, USA Soybean September 8, 1999
FL12 to FL23 Male Quincy, Florida, USA Soybean September 8, 1999
FL10 and FL11 Female Marianna, Florida, USA Peanut September 8, 1999
FL24 to FL26 Male Marianna, Florida, USA Peanut September 8, 1999
ARG1 to ARG3 Female La Virginia, Tucumán, Argentina Soybean February 18, 2000
ARG4 to ARG6 Male La Virginia, Tucumán, Argentina Soybean February 28, 2000
Alabama argillacea
ALA1 to ALA3 Female Londrina, Paraná, Brazil Cotton January 26, 2000
ALA4 to ALA6 Male Londrina, Paraná, Brazil Cotton January 26, 2000
*Town, state or province, country.
gentle homogenization the samples were centrifuged at
14,000 rpm for 15 min after which the aqueous phase was
transferred to a new microcentrifuge tube and the chloro-
form/isoamyl alcohol procedure repeated. The DNA in the
aqueous layer was precipitated by the addition of 2 volumes
of cold 100% isopropanol plus 45% of the final volume of
10 M ammonium acetate. The samples were kept overnight
at 4 °C and then centrifuged at 14,000 rpm for 15 min and
the upper phase discarded, the DNA pellet being washed
with about 400 µL of 70% ethanol and the tubes
recentrifuged at 14,000 rpm for 5 min after which the upper
phase was discarded and the tubes containing precipitated
DNA inverted to dry the DNA samples. After 2 h the pellets
were resuspended in 300 µL of Tris/EDTA buffer (10 mM
Tris-HCl (pH 8.0) and 1 mM EDTA) containing a final con-
centration of 10 µg/mL of RNAse and then incubated at
37 °C for 30 min. The amount of DNA was estimated with a
fluorometer (Brunk et al., 1979) and the integrity of the
DNA verified by agarose gel (0.8%, w/v) electrophoresis
using 1X TBE (pH 8.0) buffer (0.089 M Tris base, 0.089 M
Boric acid and 0.002 M EDTA) and 120 V. The gels were
stained with 10 mg/mL ethidium bromide and the DNA
fragments visualized with a UV transilluminator and pho-
tographed using black and white Polaroid 667 ISSO 3000
film. The template DNA was diluted to 3 ng/µL for RAPD
processing.
RAPD Methodology
We screened 67 different 10 base oligonucleotide
primers (Operon Technologies. Alameda, CA, USA) using
pooled samples of DNA from each population and selected
15 primers which amplified all the DNA samples and pro-
duced scorable bands that could be used to identify
polymorphisms between the different individuals. Amplifi-
cation was carried out in a total volume of 25 µL containing
approximately 9 ng of template DNA, 0.4 µM of one of the
primers, 2.4 mM of MgCl2, 0.1 mM of each dNTP, 1 unit of
Taq polymerase enzyme (Gibco BRE), 2.5 µL of 10X
buffer and sufficient Milli Q sterile water to complete the
final volume. Independent control reactions without
genomic DNA were conducted for each primer. Primers
that produced spurious products were not used in the analy-
sis. The polymerase chain reaction (PCR) was performed
using a GeneAmp-9600 thermal cycler (Perkin Elmer) pro-
grammed for 45 cycles of 94 °C for 15 s, 35 °C for 30 s and
72 °C for 1 min with a final extension at 72 °C for 7 min.
The RAPD products were separated from 25 µL of the re-
acted mixture by electrophoresis in a gel containing 1%
synergel and 0.6% agarose using 1XTBE buffer at 120 V,
lambda phage DNA cut with EcoR I, Hind III and BamH I
restriction enzymes being used as molecular weight mark-
ers. Gels were stained with 4.5 µL of 10 mg/mL ethidium
bromide solution and photographed under UV light using
ISSO 3000 black and white Polaroid 667 film.
Data analysis
The photographs of gels generated from the RAPD
analysis were scanned but only distinct bands were in-
cluded in the binary matrix. Each sample was scored for the
presence (score 1) or the absence (score 0) of each distinct
band. The data matrix was obtained using the image analy-
sis module of the Bionumerics program (Applied Maths,
1998). We used the numerical taxonomy and multivariate
analysis system (NTSYS-pc, version 1.80) program (Rohlf,
1992) to construct the genetic distance matrices with the
SIMGEND program and the dendrograms with the SAHN
program using the unweighted pair-group method with
arithmetic means (UPGMA). To determine which compo-
nent accounted for most of the variation we performed prin-
cipal coordinate analysis based on dissimilarity measures
using the SIMGEND, DCENTER and EIGEN procedures
of the NTSYS-pc program.
The RAPD markers generated from the A.
gemmatalis DNA were also analyzed assuming that RAPD
alleles segregate following Mendelian laws, homologous
DNA fragments co-migrate, different loci segregate inde-
pendently and that populations are in Hardy Weinberg
equilibrium. The percentage of polymorphic loci,
heterozygosity and average effective gene flow between re-
gions (Nm) were calculated using version 1.32 of the
Popgene program (Yeh and Boyle, 1997), Nm also being
estimated for each pair of populations based on Nei’s coef-
ficient of genetic differentiation (GST) (Nei 1973). The A.
argillacea RAPD were excluded from the analysis.
Results
The primer sequences that produced scorable A.
gemmatalis polymorphisms are listed in Table 2. Gel elec-
trophoresis of the different sets of RAPD reaction products
resulted in 465 polymorphic bands, the number of bands for
each population ranging from 17 to 46 with a mean of 31
(Table 2). The size of the amplification products ranged
500 to 2500 bp and no monomorphic bands occurred (data
not shown). The RAPD profile generated with primer
OPA-01 is given in Figure 1 as an example of the profiles
produced.
The UPGMA dendrogram (Figure 2) constructed
from the similarity matrix based on the RAPD marker allele
frequencies obtained using Nei’s genetic distance (Nei,
1972) shows geographically distinct A. gemmatalis popula-
tions. The Argentinean populations (cluster A) had very
tightly clustered maximum similarity indices and were
clearly distant from the populations from the other regions.
Caterpillars collected in Londrina clustered in one group
(cluster F) with males and females being separated into two
subgroups, although one sample (LDA15) that was sexed
as a male clustered in the female group. The populations
from Planaltina showed more genetic variability than the
other populations (Table 3), the maximum dissimilarity be-
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tween individuals from the same geographical population
being observed in the Planaltina samples (BRA24, BRA25
and BRA26 in the dendrogram). The Planaltina females
were linked to the Passo Fundo population (cluster E) while
most of the Planaltina male pupae were in cluster B which
was linked to the Florida population (cluster C), the biolog-
ical significance of this link being unknown. With few ex-
ceptions, pupae of the same sex clustered together in the
Planaltina, Londrina and Passo Fundo populations. Al-
though similar results have been obtained for the neotropi-
cal brown stink bug, Euschistus heros (Fabricius 1798)
(Sosa-Gómez et al., 2004) and for Triatoma brasiliensis
(Neiva, 1911), sex-clustering was not reported by Borges et
al., (2000). A. gemmatalis larvae collected from peanut
fields in Marianna, and on soybean in Quincy, (70 km
apart) were similar. One specimen collected in Passo Fundo
was close related to Londrina and Planaltina individuals.
The RAPD analysis was able to discriminate individ-
uals from the same geographical population, the maximum
level of similarity obtained occurring between two female
A. gemmatalis from Argentina. The Argentinean popula-
tion also showed the minimum genetic distance, with 24%
polymorphic loci and the lowest heterozygosity of all the
populations studied (Table 3). The A. argillacea outgroup,
also with a small number of specimens, also showed low
polymorphism and heterozygosity.
Principal coordinate analysis was conducted to detect
interpopulation relationships, examination of the eigen
vectors revealing that specific DNA amplified fragments
are useful, but not especially important, in discriminating
between populations. The correlation of each variable with
the percentage variance was partially explainable by the
three principal components, the variation being 31.8, 43.5
and 54.77% respectively for the three first components.
The overall genetic diversity represented by the Gst
value was 0.1402, suggesting that variation between the
fiveA. gemmatalis populations was low (14%) compared to
the variation within each population (86%). The overall mi-
gration index (Nm = 3.067) indicated that migratory events
occur. The highest genetic differentiation values obtained
were those for the pairwise comparisons of the Argentinean
samples (Table 4).
The same primers used for A. gemmatalis were also
useful in evaluating polymorphism in A. argillacea and dis-
criminating between individual A. argillacea specimens.
The A. argillacea sample showed similar levels of
intraspecific polymorphism and heterozygosity to that ob-
served in the A. gemmatalis samples from Argentina.
Discussion
Black et al., (1992) has suggested that RAPD can be
used to measure clonal diversity even in insects such as
aphids which reproduce asexually but show extensive poly-
morphism and Lou et al., (1998) has reported variation in
RAPD within and between geographic populations of the
wheat stem sawfly (Cephus cinctus Norton, 1872), so it is
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Table 2 - Primers that gave reliable amplification products of Anticarsia
gemmatalis genomic DNA.
Primer Sequence Band number
OPA-01 5’-CAGGCCCTTC-3’ 31
OPA-05 5’-AGGGGTCTTG-3’ 17
OPA-08 5’-GTGACGTAGG-3’ 23
OPA-16 5’-AGCCAGCGAA-3’ 29
OPA-17 5’-GACCGCTTGT-3’ 23
OPB-18 5’-CCACAGCAGT-3’ 19
OPC-09 5’-CTCACCGTCC-3’ 22
OPH-14 5’-ACCAGGTTGG-3’ 41
OPK-17 5’-CCCAGCTGTG-3’ 17
OPL-11 5’-ACGATGAGCC-3’ 41
OPN-01 5’-CTCACGTTGG-3’ 40
OPN-02 5’-ACCAGGGGCA-3’ 37
OPO-03 5’-CTGTTGCTAC-3’ 42
OPO-18 5’-CTCGCTATCC-3’ 46
OPX-15 5’-CAGACAAGCC-3’ 37
Figure 1 - Intraspecific variation in the OPA-01 primer RAPD-PCR amplification products of Anticarsia gemmatalis genomic DNA. Phage λ DNA cut
with EcoR I, Hind III and BamH I restriction enzymes was used as the molecular weight marker (M). Lanes 1-11: Florida females; 12-26: Florida males;
27-39: Londrina females; 40-52: Londrina males; 53-55: La Virginia females; 56-58: La Virginia males.
not surprising that in an outbred insect such as A.
gemmatalis every insect was genetically unique.
During the DNA extraction protocol care was taken to
minimize contamination with DNA from other organisms
such as parasitoids but the presence of foreign DNA could
not be absolutely ruled out due to high prevalence of patho-
gens (e.g. fungi) in A. gemmatalis populations, an aspect
that has rarely been considered in intra and interspecific
variability studies. The A. gemmatalis population collected
in Argentina produced a very tight cluster (cluster A) re-
vealing homogeneity, possibly due to the narrow time-
window sampled (i.e. the small number of individuals from
a single sampling date), and was genetically distant from
the populations from Brazil and the USA.
More similarity was observed between individual
larva collected in Planaltina (Brazil, cluster B) and Florida
(USA, cluster C) than between the Argentinean and Brazil-
ian populations, suggesting that gene flow may be occur-
ring between Brazil and the USA. In spite of the fact that
the shortest distance between Planaltina and Quincy is
about 6,500 km the Quincy larvae clustered close to the
Planaltina males, the Planaltina females being linked to the
Passo Fundo larvae. Similar results have been obtained by
Pashley (1985) who found that, although Tapachula (Mex-
ico) and Campina Grande (Brazil) are 6,700 km apart, A.
argillacea populations from these sites were practically
identical genetically.
Pashley (1985) suggested that Louisiana and other
south-central states are colonized each summer by migrant
A. gemmatalis travailing north through Middle America.
Because the Louisiana populations are more similar to the
South Carolina populations it seems that the Mexican, Hon-
duran, Costa Rican, Louisiana and South Carolina popula-
tions are different to the Florida population and that the
Florida populations do not contribute to summer outbreaks
further north. It is possible that a similar process could have
been occurring in the A. gemmatalis populations described
in this paper and that the populations from Londrina, Passo
Fundo and Argentinean may be composed in their majority
by non-migratory or permanently resident genotypes.
In the study described in this paper the percent of
polymorphic loci and the level of heterozygosity were in
the range observed for other Lepidoptera (Pashley et al.,
1985). The highest levels of heterogeneity between individ-
uals from the same population were observed in the Planal-
tina population, with, as shown in Figure 2, individual
Planaltina larva clustering with the Florida population
(clusters B and C) and the Passo Fundo population (clusters
D and E).
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Figure 2 - Unweighted pair-group method with arithmetic means
(UPGMA) dendrogram for six geographically separated Anticarsia
gemmatalis populations and one Alabama argillacea outgroup population
based on estimated Nei’s genetic distance (Nei 1972) calculated using the
allelic frequencies of RAPD markers. A total of 116 pupae were sampled.
Table 3 - Genetic variability indices (polymorphism and heterozygosity)
of Anticarsia gemmatalis and Alabama argillacea populations.
Species and origin Polymorphism (%) Heterozygosity (H)*
Anticarsia gemmatalis
Florida, USA 83.2 0.1461
Planaltina, Brazil 85.6 0.1505
Londrina, Brazil 78.5 0.1244
Passo Fundo, Brazil 79.3 0.1357
La Virginia, Argentina 24.3 0.0744
Alabama argillacea
Londrina, Brazil 33.0 0.0867
*Nei’s gene diversity value (Nei, 1973).
The Londrina samples were collected during the same
growing season between February 10 and March 2, 2000,
that provided a larger ‘window’ increasing the possibility
of collecting the offspring of immigrant individuals. Never-
theless, variability in the Londrina population was lower
than in the Planaltina population, which was collected in
just one day. In fact, the Londrina population grouped in a
discrete group with just one larva from Passo Fundo being
included in this cluster. In terms of migration that means
that the occurrence of local populations persisting over sev-
eral years is possible, with just a few immigrants arriving
and outbreeding with the local population. This scenario is
supported by the high Nm values, ranging from 8.8436 to
15.2618, when the Argentinean population was excluded
from the analysis (Table 4). Pashley and Johnson (1986)
also found high gene flow between populations from the
southern USA and Central America.
Pashley (1986) reported genetic differences between
Spodoptera frugiperda samples collected on corn, rice or
Bermuda grass, suggesting strain-host related associations.
During the research described in the current paper the A.
gemmatalis larvae collected from soybean in Quincy and
peanuts in Marianna (both in Florida) showed no genetic
differences, the most divergent and the least diverse popu-
lation being that from Argentina also showed the highest
Gst values (Table 4).
Clusters G and A have the same sample size, and a
comparison of these two clusters show that the cotton
leafworm, A. argillacea, also shows interesting
intraspecific variability which can be studied with the same
primers as those used for A. gemmatalis. In order to obtain
more reliable conclusions a more extensive sampling pro-
gram is necessary in temperate areas such as Rio Grande do
Sul, Uruguay or even Argentina during the warm season in
order to verify if A. gemmatalis exhibits frequent migration
from permanent breeding sites to areas with limiting condi-
tions.
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